Introduction
============

The United States Medical Licensing Examination (USMLE) Step 1 and Step 2 Clinical Knowledge (CK) offered by the National Board of Medical Examiners (NBME) are often regarded as two of the most challenging milestones in medical school. In first place, in most schools, students who do not approve the USMLE Step 1 and Step 2 CK are not candidates for graduation. In addition to that, lower scores in the USMLE Step 1 and Step 2 CK might be predictive of lower means during the residency in-training examinations.[@b1-amep-9-943] Likewise, several studies have shown that lower scores in the USMLE Step 1 and/or in the Step 2 CK might be associated with subsequent failure during the specialty board examinations.[@b2-amep-9-943],[@b3-amep-9-943] Conversely, other investigators have found that higher scores during the USMLE Step 1 and/or the Step 2 CK might be associated with better performance during the specialty boards.[@b4-amep-9-943]--[@b6-amep-9-943] As a result, many residency programs use the scores from the USMLE Step 1 and/or Step 2 CK as criteria for accepting candidates.[@b7-amep-9-943],[@b8-amep-9-943] Furthermore, the individual school's USMLE passing rates among first time takers can have a great impact in the accreditation process or in the general perception about the school.

Finding early specific indicators of failure in the USMLE Step 1 and the Step 2 CK would be of benefit for medical schools and also for medical students, because it could be used to develop early interventions that could solve deficiencies and help at-risk students to ultimately attain a passing score. Therefore, there is a growing interest in finding adequate predictors of failure in the USMLE. Several investigators have postulated the use of objective data, such as the scores from one or several NBME Basic Science Subject Examinations[@b9-amep-9-943] and the performance on NBME Customized Assessment Service questions,[@b10-amep-9-943] to identify at-risk students. The NBME Comprehensive Basic Science Examination (CBSE) is administered by many medical schools to identify students performing below expectations[@b11-amep-9-943] or to test student progress,[@b12-amep-9-943] but more studies regarding its use as predictive tool for success in the USMLE are needed. Furthermore, specific data on this subject in Hispanic or Latino populations are currently scarce in the literature.

The University of Puerto Rico School of Medicine (UPR SoM), located in San Juan, PR (an insular commonwealth of the USA), was founded in the year 1950 and has been accredited by the Liaison Committee on Medical Education since 1954. According to the graduation questionnaire from the Association of American Medical Colleges, 98% or more of the students from the UPR SoM self-identify as Hispanic, Latino, or of Spanish origin. In our institution, second-level medical students must take and approve the USMLE Step 1 in order to be promoted to the third level. Likewise, students must approve the USMLE Step 2 CK prior to graduation. While searching for indicators of failure in the USMLE among our group of students in order to provide targeted interventions, we hypothesized that the NBME CBSE could be used as a predictor of outcome in the USMLE Step 1, because it is offered in the UPR SoM at the end of the second level (about 4--8 weeks before most students take the USMLE Step 1 for the first time) and because it tests topics from courses given in first and second medical levels.

Therefore, this study was aimed at determining if the NBME CBSE could predict a passing score during the USMLE Step 1. As a secondary outcome, we aimed at assessing if the USMLE Step 1 could predict a passing score during the USMLE Step 2 CK, as opposed to other possible predictors of passing the USMLE Step 2 CK, such as the NBME Medicine Clinical Science Subject Examination (CSSE).

Methods
=======

For all students from the UPR SoM who took the USMLE Step 1 for the first time from June 1, 2011, to December 31, 2017, the Office of Evaluation of the UPR SoM provided the investigators with the scores in that test and also with demographic data (gender) and the scores of the NBME CBSE, the NBME Medicine CSSE, and the USMLE Step 2 CK. Inclusion criteria included being 21 years of age or older, having studied at the UPR SoM, and having taken the USMLE Step 1 for the first time in the described period. Scores from the four examinations were linked using the student number. Central tendency measures and dispersion measures were used to assess the raw distribution of all study variables. Independent samples' *t*-test, Pearson correlation matrices, and chi-squared test for independence served as the inferential approach. Statistical significance was set to a *P*≤0.05, using a two-tailed approach. IBM-SPSS was used for all calculations.

The study was approved by the Institutional Review Board of the University of Puerto Rico Medical Sciences Campus.

Results
=======

Data were gathered from 724 consecutive students, comprising all second-level students from 2010--2011 to 2016--2017 academic years. From these, five (0.7%) students had not taken the USMLE Step 1 at the time of analysis, for which they were excluded. The final number of students included in the analysis is 719 (99.3%). For the USMLE Step 2 CK analysis, a total of 564 (77.9%) consecutive students from the total sample were included, comprising all students who had taken the NBME CBSE between 2010--2011 and 2016--2017 academic years and who had already taken the USMLE Step 2 CK. This difference in the sample number is explained by the fact that the USMLE Step 1 and Step 2 CK examinations are taken at different times during the student's education.

USMLE Step 1
------------

As described in [Table 1](#t1-amep-9-943){ref-type="table"}, of the 719 students who took the USMLE Step 1 within the study period, 345 (48.0%) students were male and 374 (52.0%) students were female. A total of 671 (93.3%) students approved the USMLE Step 1 on their first attempt. The mean score for all students was 220.5±9.2 (225.2±18.9 for males and 218.7±19.2 for females). Of the 48 (6.7%) students who did not approve the test on their first attempt, 17 (4.9%) students were male and 31 (8.3%) students were female. The difference in mean scores between male and female students was statistically significant (*P*≤0.0001), but the difference in passing rates between genders was not (*P*=0.075).

NBME CBSE as a predictor of performance in the USMLE Step 1
-----------------------------------------------------------

A total of 718 (99.9%) students who took the USMLE Step 1 within the study period also took the NBME CBSE. Only one student who took the USMLE Step 1 during the study period had previously taken the NBME CBSE during an academic year that was out of the study sample and thus was not included in this analysis. The mean score in this test was 63.8±9.2 (66.5±9.3 for males and 61.6±8.4 for females) ([Table 1](#t1-amep-9-943){ref-type="table"}). There was a statistically significant difference in mean scores between male and female students (*P*≤0.0001). A significant correlation (*r*=0.730, *P*≤0.001) between the score in the NBME CBSE and the score in the USMLE Step 1 was found in this study group ([Figure 1](#f1-amep-9-943){ref-type="fig"}).

We then aimed at testing a score of 66 in the NBME CBSE as a cutoff to predict outcome in the USMLE Step 1 among our group of students. A score of 66 in the NBME CBSE was selected because it is detailed as an approximate equivalent to a score of 190 in the USMLE Step 1 (data from the NBME CBSE score report).[@b13-amep-9-943] Since the minimum passing score for the USMLE Step 1 during our study period ranged from 188 (until December 31, 2013) to 192 (from January 1, 2014 to December 31, 2017) (data from the NBME), a midpoint of 190 was chosen. Of the 48 students who did not approve the USMLE Step 1 on their first attempt, 47 (97.9%) students had a score \<66 in the NBME CBSE. Conversely, of those who achieved a score of 66 or greater on this examination (293, 40.8%), only one (0.3%) student did not approve the USMLE Step 1 on his/her first attempt (data not shown). Therefore, a score \<66 in the NBME CBSE was significantly associated to failure in the USMLE Step 1 (*P*≤0.00001). This was even more relevant in female students. When students with a score \<66 in the NBME CBSE were adjusted by gender, female students were 55.5% less likely to approve the USMLE Step 1 on their first attempt (OR =0.445, 95% CI =0.329--0.603, *P*≤0.001)

USMLE Step 2 CK
---------------

For the USMLE Step 2 CK, of the 564 students, 258 (45.7%) students were male and 306 (54.3%) students were female ([Table 1](#t1-amep-9-943){ref-type="table"}). A total of 541 (95.9%) students approved the USMLE Step 2 CK on their first attempt; 20 (3.5%) students did not approve the test on their first attempt, and 3 (0.6%) students had not yet received their scores at the time of analysis (data not shown). The mean score was 235.5±17.5 (236.2±17.7 for males and 235.2±17.1 for females) ([Table 1](#t1-amep-9-943){ref-type="table"}). Of the 23 (4.1%) students who did not approve the test on their first attempt, 13 (5.0%) students were male and 10 (3.3%) students were female. There were no statistically significant differences in mean scores (*P*=0.500) and in passing rates (*P*=0.393) between male and female students.

NBME Medicine CSSE as predictor of performance in the USMLE Step 2 CK
---------------------------------------------------------------------

A total of 546 students took the NBME Medicine CSSE within the study period; 248 (45.4%) students were male and 298 (54.6%) students were female ([Table 1](#t1-amep-9-943){ref-type="table"}). The mean score in this test was 76.8±8.3 (77.8±8.3 for males and 77.1±7.7 for females). There was no statistically significant difference between the mean scores of male and female students (*P*=0.331). A significant correlation (*r*=0.572, *P*≤0.001) was found between the score in the NBME Medicine CSSE and the score in the USMLE Step 2 CK ([Figure 2](#f2-amep-9-943){ref-type="fig"}). Of the 20 students who did not approve the USMLE Step 2 CK on their first attempt, 14 (70.0%) students had a score \<74 in the NBME Medicine CSSE. Conversely, of those who achieved a score of 74 or higher on this examination (370, 66.7%), only six students (1.6%) did not approve the USMLE Step 2 CK on their first attempt (data not shown). Although this association was significant (*P*≤0.000232) for the entire student sample, it lost its statistical significance when adjusted for gender (*P*=0.306).

USMLE Step 1 as predictor of performance in the USMLE Step 2 CK
---------------------------------------------------------------

Of the 541 students who approved the USMLE Step 2 CK on their first attempt, 509 (94.1%) students also approved the USMLE Step 1 on their first attempt (data not shown). There was a significant correlation (*r*=0.698, *P*≤0.001) between the scores in the USMLE Step 1 and the USMLE Step 2 CK ([Figure 3](#f3-amep-9-943){ref-type="fig"}). Of the 20 students who did not approve the USMLE Step 2 CK on their first attempt, 15 (75.0%) students had a score of \<208 on the USMLE Step 1. Conversely, only 5 of the 351 (1.4%) students who obtained a score of 208 or higher on the USMLE Step 1 did not approve the USMLE Step 2 CK on their first attempt (data not shown). There was a significant correlation (*r*=0.684, 95% CI =636--0.730, *P*≤0.0001) between obtaining a score of 208 or higher in the USMLE Step 1 and subsequently attaining a passing grade on the first take of the USMLE Step 2 CK.

Discussion
==========

In our group of students, the mean score was higher in males during the USMLE Step 1 and during the USMLE Step 2 CK, but the difference in mean USMLE score between genders was only significant for the Step 1. Differences in the USMLE Step 1 mean score favoring male test takers have been documented for decades: in 1973 by Weinberg and Rooney,[@b14-amep-9-943] in 1993 by Case et al,[@b15-amep-9-943] and in 2018 by Gauer and Jackson.[@b16-amep-9-943] In some instances, the differences in mean scores among genders have also been found to be statistically significant.[@b14-amep-9-943],[@b16-amep-9-943] In our population, there were also statistically significant higher mean scores for males in the NBME CBSE. Most of our students took the USMLE Step 1 shortly (within 6--8 weeks) after the NBME CBSE. This relatively short period of time between the two examinations could explain the persistence of higher mean scores for male students in both tests.

The reasons for differences in mean in the USMLE Step 1 among genders are unclear and poorly described in the literature. To our knowledge, this is the first time that this pattern is also described in a Hispanic/Latino population. However, given the observational nature of our study, it was not possible to assess factors contributing to this difference. More studies on this subject are certainly needed to explore the factors that could be contributing to it. Since female students who obtained a score \<66 in the NBME CBSE were less likely to approve the USMLE Step 1, it might be relevant to consider gender differences when designing interventions for students with lower performance while in preparation for the USMLE Step 1. Interestingly, there were no statistically significant differences in the mean between males and females during the NBME Medicine CBSE and during the USMLE Step 2 CK, suggesting that female students tend to catch up over time with their male counterparts.

We found a significant correlation between the score in the NBME CBSE and the subsequent score in the USMLE Step 1. In 1997, Glew et al[@b17-amep-9-943] found a correlation between the first NBME CBSE administration and eventual USMLE Step 1 score that was identical to ours (*r*=0.73), but in their study, the first NBME CBSE occurred almost 2 years prior to the USMLE Step 1 take. Also, they analyzed the correlation to the USMLE Step 1 using a second and third NBME CBSE administration.[@b17-amep-9-943] In contrast, in our study, the students took the NBME CBSE only once and, in most cases, within 6--8 weeks of taking the USMLE Step 1.

Similarly, we also found a significant positive correlation between the score during the NBME Medicine CSSE and the score in the USMLE Step 2 CK. There was also a significant correlation between the scores in the USMLE Step 1 and USMLE Step 2 CK. This correlation supports prior work done by Monteiro et al,[@b18-amep-9-943] who reported that the USMLE Step 1 is a significant predictor of the USMLE Step 2 CK score.

In our group, students who obtained a score \<66 in the NBME CBSE were less likely to approve the USMLE Step 1 on their first attempt. Similarly, most of the students who did not approve the USMLE Step 2 CK on their first attempt had a score \<74 in the NBME Medicine CSSE or a score of \<208 in the USMLE Step 1. Therefore, we postulate that these scores might be used as indicators to identify students who are at higher risk of failing. However, it is important to realize that student performance on standardized tests such as the USMLE Step 1 and USMLE Step 2 CK depends on numerous factors and it might be impossible to find a single predictor of a passing score. Although generalization of results might not be possible given the specific population being studied, our findings could guide medical educators to target interventions aimed at helping at-risk students to pass the USMLE Step 1 and USMLE Step 2 CK based on objective indicators. Nonetheless, ultimately deciding how many students will be considered for early interventions might also be matter of institutional capacity, support availability, and financial resources. Many institutions may need to select more than one indicator in order to determine which students are going to benefit the most from targeted interventions.

Future studies on this topic could further assess if other sociodemographic characteristics (such as exact age upon taking each examination, marital status, background education, income, and household details) or other objective academic measures (such as specific course grades and other NBME subject examinations) could also serve as indicators of success or failure during the USMLE Step 1 and Step 2 CK.

Limitations
===========

This is a single-center study in a medical school with a vast majority of Hispanic/Latino students. Therefore, the results might not be generalized to all medical students in USA. Other limitations of this study are inherent to its observational design, including that we were unable to consider important variables such as total study time after taking the NBME CBSE prior to taking the USMLE Step 1, or time elapsed between the first attempt at taking the USMLE Step 1 vs the USMLE Step 2 CK or between NBME Medicine CSSE and the USMLE Step 2 CK.

Conclusion
==========

There are significant correlations between the scores of the NBME CBSE and the USMLE Step 1, between the scores of the NBME Medicine CSSE and the USMLE Step 2 CK, and between the scores of the USMLE Step 1 and USMLE Step 2 CK. A score \<66 in the NBME CBSE is significantly associated with failure in the USMLE Step 1 first take among our students. Similarly, a score \<208 in the USMLE Step 1 is significantly associated with failure during the USMLE Step 2 CK. A score \<74 in the NBME Medicine CSSE might also indicate risk of failure during the USMLE Step 2 CK.
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###### 

Gender distribution, mean scores, and SD of students during USMLE Step 1, NBME CBSE, USMLE Step 2 CK, and NBME Medicine CSSE

  Examination          Male                                                   Female                                                 Total
  -------------------- ------------------------------------------------------ ------------------------------------------------------ -------------
  USMLE Step 1                                                                                                                       
  n (%)                345 (48)                                               374 (52)                                               719 (100)
  Mean                 225.2[a](#tfn1-amep-9-943){ref-type="table-fn"}        218.7[a](#tfn1-amep-9-943){ref-type="table-fn"}        220.5
  SD                   18.9                                                   19.2                                                   9.2
  Pass, n (%)          328 (95.1)[b](#tfn2-amep-9-943){ref-type="table-fn"}   343 (91.7)[b](#tfn2-amep-9-943){ref-type="table-fn"}   671 (93.3)
  Fail, n (%)          17 (4.9)                                               31 (8.3)                                               48 (6.7)
  NBME CBSE                                                                                                                          
  n (%)                344 (47.9)                                             374 (52.1)                                             718 (100)
  Mean                 66.5[c](#tfn3-amep-9-943){ref-type="table-fn"}         61.6[c](#tfn3-amep-9-943){ref-type="table-fn"}         63.8
  SD                   9.3                                                    8.4                                                    9.2
  USMLE Step 2 CK                                                                                                                    
  n (%)                258 (45.7)                                             306 (54.3)                                             564 (100)
  Mean                 236.2[d](#tfn4-amep-9-943){ref-type="table-fn"}        235.2[d](#tfn4-amep-9-943){ref-type="table-fn"}        235.5
  SD                   17.7                                                   17.1                                                   17.5
  Pass, n (%)          245 (95)[e](#tfn5-amep-9-943){ref-type="table-fn"}     296 (96.7)[e](#tfn5-amep-9-943){ref-type="table-fn"}   541 (95.9)
  Fail, n (%)          13 (5.0)                                               10 (3.3)                                               23 (4.1)
  NBME Medicine CSSE                                                                                                                 
  n (%)                248 (45.4)                                             298 (54.6)                                             546 (100.0)
  Mean                 77.8[f](#tfn6-amep-9-943){ref-type="table-fn"}         77.1[f](#tfn6-amep-9-943){ref-type="table-fn"}         76.8
  SD                   8.3                                                    7.7                                                    8.3

**Notes:**

*P*≤0.0001.

*P*=0.075.

*P*≤0.0001.

*P*=0.5.

*P*=0.393.

*P*=0.331.

**Abbreviations:** CBSE, Comprehensive Basic Science Examination; CK, Clinical Knowledge; CSSE, Clinical Science Subject Examination; NBME, National Board of Medical Examiners; USMLE, United States Medical Licensing Examination.
